Background: The global phenomenon of population ageing is creating new challenges in both high and middle income countries, as functional limitations are expected to increase with age. The attribution method has been proposed to identify which conditions contribute most to disability using cross-sectional data. Although the original method was based on binary outcomes, we recently proposed an extension to multinomial responses, since different disability levels are often investigated in surveys. This is the first application of the extended method to evaluate differences in the contribution of chronic conditions to functional limitations in the older population of Brazil and Belgium. Methods: Representative data from individuals aged ≥65 years who participated in the 2008 or 2013 Health Interview Surveys in Belgium (N = 4521) or in the 2008 National Household Sample Survey in Brazil (N = 28,437) were analysed. Individuals were classified as without, moderate or severe functional limitations, based on three activities of daily living: eating, showering, and toileting. Six chronic conditions common to the surveys -diabetes, heart diseases, musculoskeletal conditions, depression, chronic respiratory diseases, and cancer -were included in the analysis. Separate multinomial additive hazards models by gender for each country were fitted. Results: The prevalence of moderate functional limitations was larger in men in Brazil (8.4%) compared to Belgium (6.0%) and similar in women (approximately 12.0%). Conversely, the severe prevalence in men was similar in the two countries (around 8.0%) and higher in women from Belgium (16.6%) than from Brazil (9.1%). Musculoskeletal conditions were the main contributors to the prevalence of functional limitations in men and women in Belgium but only in men and women with moderate functional limitations in Brazil. Depression and heart diseases contributed most to the severe prevalence of functional limitations in men and women in Brazil, respectively. Conclusions: Our findings provide a better understanding of differences in the prevalence of different levels of functional limitations in Brazil and Belgium. These differences can be related to differences in socioeconomic conditions, health care access and quality, disease diagnosis, stage of epidemiology transition, life expectancy, and the prevalence of lifestyle risk factors in the two countries.
Background
Although population ageing is currently considered a global phenomenon, the burden of chronic conditions and functional limitations, common at older ages, have different impacts in high and middle income countries [1, 2] . While in low and middle income countries the increase in the proportion of older individuals is related to the fast reduction of fertility rates and infant mortality, especially from infectious diseases, in high income countries this is currently a result of the decrease in mortality at older ages [2, 3] . One key difference in the increased life expectancy observed in developed and developing countries is the pace in which this process is developing: whilst it started more than a century ago in most developed countries, it is a recent phenomenon in developing countries [4] . This rapid ageing process poses challenges in developing countries as they did not grow wealth before growing old [5] . As a consequence, health care systems of less developed countries are less prepared to provide appropriate long-term care to older individuals [6, 7] .
Limitations in activity of daily living (ADL) can represent difficulty or dependence in self-care [8] , indicating that older individuals with functional limitations are a heterogeneous group. The assessment of different levels of functional limitations is fundamental to better understand differences in the needs and demands of older individuals, as dependency levels are associated with higher demand for long term care and mortality [9, 10] .
Information on how much different chronic conditions contribute to different levels of functional limitations is crucial to develop public health strategies aiming to reduce function loss. This can be assessed with the attribution method [11, 12] , in which cross-sectional data are used to estimate the prevalence of functional limitations. The prevalence of functional limitations is then partitioned into the additive contribution of diseases, taking into account that individuals can report more than one disease (multimorbidity) and that functional limitations can occur in the absence of disease. The attribution method was originally developed for binary outcomes [11, 12] , but it was recently extended to allow multicategory responses [13] . Although the original attribution method has been previously used to investigate the disability burden in Belgium [14] [15] [16] [17] [18] and in Brazil [19] using binary outcomes, this is the first study to compare the contributions in a high and middle income country using a multinomial outcome for functional limitations, representing different severity levels.
Thus, the aim of this study was to assess the main contributors to moderate and severe functional limitations in the older population from Belgium and in Brazil.
Methods

Surveys and study populations
This study focused on Belgium and Brazil due to the data availability of independent, population-based, national surveys with similar questions about functional limitations and chronic conditions. The prevalence of risk factors for chronic conditions and the risk of premature mortality due to selected chronic conditions (cancer, diabetes, cardiovascular diseases, and chronic respiratory diseases) in both countries were very similar to the aggregated estimates of high and upper-middle income countries (Additional file 1), suggesting that these two countries are good representatives of the latter groups.
Data from the following national health surveys from Belgium and Brazil were used: (i) Health Interview Surveys conducted in Belgium (HISBe) in 2008 and 2013; and (ii) National Household Sample Survey conducted in Brazil (NHSSBr) in 2008. A summary of the main characteristics of each survey is presented in Table 1 . Although the surveys allowed proxy interviews, the NHSSBr excluded individuals living in nursing homes or homes for the elderly. The response rate in the Brazilian survey (95%) was greater than in the Belgian surveys (2008 = 55%; 2013 = 57%). The HISBe data are available upon request and approval to the Belgian Privacy Commission <https://his.wiv-isp.be/SitePages/Ac ces_microdata.aspx> and the NHSSBr is openly available at <http://www.ibge.gov.br/home/estatistica/populacao/ trabalhoerendimento/pnad2011/microdados.shtm>. More details about the HISBe [20] and the NHSSBr [21] methodologies can be found elsewhere.
Here, we focused on the population aged 65 years or older, as functional limitations and chronic conditions are more frequent at older ages [15] . For Belgium, the data of the 2008 and 2013 surveys were pooled due to the small sample size of the 2008 HISBe, which did not allow fitting the multinomial model stratified by age and gender. Nonetheless, the prevalence of moderate and severe functional limitations was similar in the two Belgian surveys for most age groups (Additional file 2).
In total, 4521 (HISBe) and 28,437 (NHSSBr) individuals were included in this study, respectively. For comparability purposes, the questions used to define functional limitations and the chronic conditions included in this analysis were common to the surveys in both countries.
Functional limitations were defined based on limitations in three activities of daily living (ADL): eating, showering, and toileting (Table 1) . These three ADLs cover the whole ADL spectrum: eating is considered the easiest task, which is generally lost late in life; toileting is an intermediate task, with middle loss; and bathing is a difficult task, with an early loss [22] [23] [24] . The multicategory outcome was defined as "0. No functional limitations", for individuals who answered "No difficulty"; "1. Moderate functional limitations", for individuals who responded "Some difficulty"; and "2. Severe functional limitations", for individuals who answered "A lot of difficulty" or "Unable" in the NHSSBr or "A lot of difficulty" or "Can't achieve it by myself" in the HISBe. The last response options were grouped due to sparseness.
Six chronic conditions were considered in the present analysis: diabetes, heart diseases (myocardial infarction and coronary heart diseases), chronic respiratory diseases (HISBe: asthma, chronic bronchitis, pulmonary emphysema, chronic obstructive pulmonary diseases (COPD); NHSSBr: asthma and chronic bronchitis); musculoskeletal conditions (arthritis and back pain), depression, and cancer.
Statistical analysis
To improve comparability between the two countries, age and gender standardized disease prevalence is presented, based on direct standardization [25] , with the world population used as standard.
The attribution method [11, 12] was used to estimate the contribution of chronic conditions to the prevalence of functional limitations, taking into account multimorbidity and that functional limitations can be present even in the absence of diseases. In individuals with functional limitations who did not report any of the considered diseases, functional limitations are attributed to "background", while in individuals who reported diseases, functional limitations are partitioned into "background" and diseases. The background can represent the effect of age-related losses in functioning, functional limitations that are not associated with any disease (e.g. the environment), causes of functional limitations not included in the survey, and underreported or underdiagnosed diseases. More information about the attribution method can be found in previous publications [11, 12] . Here, the extended attribution method was used, allowing multicategory responses. This extension is based on the multinomial additive hazard model [13] , defined as:
where y(1, …, j) is the observed multicategory outcome for functional limitations, with y 1 defined as the reference category (no functional limitations), y 2 as moderate functional limitations and y 3 as severe functional limitations; y j ∧ is the estimated probability for functional limitation level j; η j is the linear predictor representing the overall cumulative hazard of functional limitation level j; α aj is the cumulative hazard of functional limitation level j for background by age group a(65-74 years; ≥75 years); β adj is the cumulative hazard of functional limitation level j for disease d(1, …, m) and age group a, also known as the disabling impact of disease [11, 12] ; X a is the indicator variable for each age group a; and X d is the indicator variable for each disease d. To estimate the model parameters (α aj and β adj ) constrained optimization [26] was used.
In the model above, the attribution of functional limitations to diseases depends on the disease prevalence by age group (X a X d ) and the disabling impacts of the diseases (β adj ) [11, 12] . The contribution of diseases and background to the moderate and severe prevalence of functional limitations was obtained in three steps [13] :
1. Similar to the competing risks analysis, the proportionality assumption [27] was used to estimate the disease-specific probability of moderate (j = 2) and severe (j = 3) functional limitations,
Âŷ j , and for the background,
Âŷ j , for each individual; 2. Next, the number of individuals with moderate (j = 2) and severe (j = 3) functional limitations by each disease,N dj ¼ P n i¼1Ddj , and by background, N bj ¼ P n i¼1B j , are obtained by the sum of causespecific probabilities in the population studied; 3. The absolute contribution to the moderate (j = 2) and severe (j = 3) prevalence of functional limitations (Â C j ) of each disease (Â C dj ¼N dj n Â 100) and background (Â C bj ¼N bj n Â 100), i.e. the prevalence of moderate and severe functional limitations by cause, is estimated by dividing the total number of individuals with moderate and severe functional limitations for each cause by the total number of individuals in the population studied.
The absolute contributions and the moderate and severe prevalence of functional limitations for Belgium and Brazil were age-standardized, using direct standardization [25] and the world population as standard. The confidence intervals for the disease prevalence and the disabling impacts were obtained via bootstrapping [28] . All the analysis were carried out in R [29] . The multinomial additive hazard model was fitted with the R package "addhaz" [30] . Table 2 shows the characteristics of the study population of each country. Although the age distribution of individuals without functional limitations is similar between the countries, a higher proportion of older individuals is observed in the Belgian population with moderate and severe functional limitations compared to Brazil. The proportion of lower educated men and women in Brazil was much larger than in Belgium across all subgroups. The proportion of men and women who did not report any selected chronic conditions was similar among men and women without functional limitations in the two countries, but higher in Brazilian men and women with moderate and severe functional limitations compared to Belgium. The proportion of multimorbidity (≥2 selected chronic conditions) was similar in the male population from Belgium and Brazil and higher in women from Brazil than in women from Belgium.
Results
Musculoskeletal conditions (back pain and arthritis) were the most common chronic conditions in Belgium and Brazil, while cancer was the least frequent condition in both countries (Fig. 1) . The prevalence of musculoskeletal conditions (Brazil: 44.8%, 95% CI: 44.3%-45.4%; Belgium: 50.5%, 95% CI: 48.0%-53.0%), chronic respiratory conditions (Brazil: 6.2%, 95% CI: 5.4%-7.1%; Belgium: 10.0%, 95% CI: 8.8%-11.4%), and cancer (Brazil: 2.7%, 95% CI: 2.4%-3.2%; Belgium: 5.7%, 95% CI: 4.6%-7.0%) was higher in Belgium than in Brazil, whilst the prevalence of diabetes (Brazil: 16.3%, 95% CI: 15.4%; 17.2%; Belgium: 12.3%, 95% CI: 10.8%; 14.1%) and heart diseases (Brazil: 18.9%, 95% CI: 16.7%; 21.3%; Belgium: 6.2%, 95% CI: 5.1%; 7.5%) was higher in Brazil than in Belgium (Fig. 1) . Tables 3 and 4 show the disabling impacts and the background cumulative hazards for men and women, respectively. In Belgium, depression and cancer were the most disabling diseases in men aged 65-74 years and 75 years or older with moderate functional limitations, respectively, whereas chronic respiratory diseases showed the highest impact in men with severe functional limitations. In Brazil, depression was the most disabling condition for men with moderate and severe functional limitations across all age groups (Table 3) .
Depression was the most disabling condition for Belgian women with moderate functional limitations, whilst cancer and depression showed the highest impact on severe functional limitations in women aged 65-74 years and ≥75 years, respectively.
In Brazil, cancer was the most disabling disease for women aged 65-74 years with moderate or severe functional limitations, whereas heart diseases and depression showed the highest impact in women aged 75 years or older with moderate and severe functional limitations, respectively ( Table 4) . The age-standardized prevalence of functional limitations and absolute contribution of chronic conditions to moderate and severe functional limitations in Belgium and Brazil is shown in Fig. 2 and in Additional file 3. Both moderate and severe functional limitations were more common in women compared to men in both countries (Fig. 2) . While the moderate prevalence of functional limitations was larger in men from Brazil (8.4%) compared to Belgium (6.0%), it was similar in women from both countries (Brazil: 11.5%; Belgium: 11.8%). The severe prevalence was similar in men (Belgium: 8.2%; Brazil: 7.8%), but much larger in Belgian (16.6%) women compared to Brazilian (9.1%) women.
Musculoskeletal conditions were the main contributors to moderate functional limitations in men and women from both countries and for severe functional limitations in Belgium. Depression and heart diseases were the main contributors to the prevalence of severe functional limitations in men and women from Brazil, respectively.
Discussion
This is the first study to compare the contribution of chronic conditions to moderate and severe functional limitations in a high and a middle income country, using the extended attribution method to multinomial disability outcomes. Although musculoskeletal conditions were among the main contributors to the moderate and severe prevalence of functional limitations in Belgium, this was observed only for moderate functional limitations in Brazil. For severe functional limitations, depression and heart diseases contributed most in Brazil.
A smaller gender gap in the prevalence of functional limitations was observed in Brazil than in Belgium, especially for severe functional limitations, indicating that in Brazil the proportion of older women (age ≥ 65 years) reporting severe difficulties/inability in feeding, bathing/ showering, or using the toilet is only slightly higher than in men, while in Belgium this gender difference is more pronounced. Although the explanations for the differences between the two countries are not clear, it can reflect: (i) differences in the question formulation in the surveys; (ii) gender differences in the prevalence of chronic conditions; and (iii) cultural differences in the interpretation in the ADL questions and in reporting ADL limitations in the surveys [31] . A small gender difference in the prevalence of severe ADL limitations has been previously reported in a study with data of one Brazilian city [32] . Despite all the differences previously mentioned, a remarkable finding is that the prevalence of moderate (men and women) and severe (men) functional limitations is rather similar in Belgium and Brazil. These results seem contradictory, especially because of the differences in the ageing process in Brazil and Belgium. The current older adults in Brazil are exposed to the burden of chronic conditions and, at the same time, are survivors of infectious diseases and worse overall living conditions in their early life [33] . Besides the cultural differences in reporting functional limitations, the similarity in the prevalence of functional limitations in the two countries can be related to a mortality selection during childhood in the older population in Brazil [33] . This means that the current older individuals in Brazil were highly selected in terms of health. This is supported by the similarity in the proportion of healthy life years (very good, good or fair self-perceived health) at age 65 in Belgium (men: 86%; women: 78%) [34] and at age 60 in Brazil (men: 87%; women: 86%) [35] in 2013.
Conversely, a larger prevalence of severe functional limitations was observed in women from Belgium compared to Brazil. One possible explanation is the fact that the older population living in institutions was included in the survey in Belgium but not in Brazil. In Belgium, 6 .6% of the individuals aged 65 years or older were living in long-term care institutions in 2004 [36] . Most of these individuals are women (78.5% in 2007) [37] and have ADL limitations, as this is an admission requirement [36] . Nonetheless, only 0.5% of the older individuals were living in institutions in Brazil in 2011 [38] .
Musculoskeletal conditions are the most common cause of functional limitations [39] and they have been previously identified as the main contributor to the disability burden using the attribution method with different indicators in Belgium [15, 16, 18] and other European countries [40] [41] [42] . This was also found in a previous study using the HISBe data from 1997, 2001, 2004, and 2008 that investigated the main contributors to mild and severe disability burden with the attribution method using a binary outcome based on six ADL and mobility limitations, except in men with severe limitations, in which chronic respiratory diseases were identified as the main contributor [14] . These results are in agreement with our current findings: chronic respiratory diseases were the second contributor to the severe prevalence of functional limitations in Belgian men. This can be related to life style risk factors, such as tobacco smoking, which are more common among older men in Belgium [43] and to past working conditions, as approximately 10% of male labour force was related to the Belgian coal industry [44] .
In Brazil, musculoskeletal conditions were the main contributors to moderate functional limitations, whereas depression and heart diseases contributed most to the severe prevalence. The attribution method has also been previously applied to the Brazilian National Health Survey Heart diseases: myocardial infarction and coronary heart disease. Respiratory: asthma and chronic bronchitis (Brazil); and asthma, chronic bronchitis, pulmonary emphysema, and chronic obstructive pulmonary diseases (Belgium). The numbers on the top of the bars present the agestandardized prevalence of functional limitations, using direct standardization with the world population as the standard data from 2013, where stroke was the main contributor in men and diabetes in women [19] . Although heart diseases were among the main contributors in women, depression was not even significant in the model and it was excluded from the analysis [19] . The differences in the main contributors compared to the present study can be due to: (i) different disability definition, as the previous study defined disability based on ADL and instrumental ADL limitations; (ii) no distinction between severity levels in the previous study, thus the results might have been driven by moderate limitations, as it is more frequent than severe disability; (iii) no adjustment for age in the previous study, hence the results for the younger age groups (65-74 years) may be overrepresented, as a higher proportion individuals aged 65-74 years was observed in the sample studied; and (iv) stroke was not included in the present analysis as it was not available in the NHSSBr in 2008 and its contribution was, therefore, captured by the background. It is interesting to note that chronic respiratory diseases were among the main contributors to the severe prevalence of functional limitations among men and women in Belgium, but not in Brazil. Despite the different definition of chronic respiratory diseases in both surveys, as in Belgium COPD, which is an important cause of functional limitations [45] , was also included in this disease group, another possible explanation is the lower prevalence of tobacco smoking observed in Brazil (men: 21.6%; women: 13.1%) [46] compared to Belgium (men: 28.0%; women: 21%) [43] among individuals aged 15 years or older in 2008. Differences in passive smoking and air pollution between the two countries may also have contributed. In the previous study with the 2013 Brazilian data, chronic respiratory diseases, which included COPD, were not important contributors to the prevalence of ADL and IADL limitations [19] .
In the attribution method, the contribution of chronic diseases to the prevalence of functional limitations depends on the disease prevalence and the disabling impact of the disease [11, 12] . For instance, musculoskeletal conditions were important contributors to the prevalence of moderate functional limitations in both countries mainly due to their high prevalence in the populations, while depression and heart diseases were the main contributors to severe functional limitations in Brazil owing to their high disabling impact and prevalence, respectively. Cancer was among the most disabling diseases in Brazil, but due to its low prevalence, it was not an important contributor to the prevalence of functional limitations. The lower prevalence of cancer in Brazil compared to Belgium can be related to delayed diagnosis, resulting in shorter survival in Brazil [47] .
Differences in the contributors to the prevalence of functional limitations in Belgium and Brazil can be related to dissimilarities between the countries related to: (i) health care access; (ii) quality of diagnosis and health care; (iii) socioeconomic conditions; (iv) stage of epidemiologic transition; (v) life expectancy; and (vi) prevalence of life style risk factors. For instance, a large difference in the education attainment between the study populations of the two countries was observed: in Brazil, more than 80% of the individuals with moderate or severe functional limitations reported no diploma or primary education while this proportion was around 35-60% in Belgium. In a previous study with the 1997 HISBe, individuals with low education attainment showed a higher prevalence and disabling impact for heart diseases and stroke compared to highly educated individuals [18] .
Depression was an important contributor to the severe prevalence of functional limitations in Brazil. Although functional limitations were found to be short-term outcomes of depression, which can be partly explained by reduced physical activity and social participation in individuals with depression [48, 49] , this relationship should be carefully interpreted, as our results are based on crosssectional data. In other words, the causal relationship between functional limitations and depression cannot be established, which may have resulted in an overestimation of the contribution of depression to the prevalence of moderate and severe functional limitations. This temporal bias is specially observed for depression, as an inverse causal association has been previously reported: functional limitations as a predictor of onset and persistence of depression [49] .
The main limitation of the attribution method is related to the use of cross-sectional data. Despite the plausibility of the causal assumption between chronic conditions and functional limitations, it cannot be assessed with cross-sectional data. This may result in incorrect attribution of disability to diseases in cases where disability occurred before diseases [11, 12] . Although longitudinal studies are better suited to assess the causal relationship between diseases and functional limitations [11] , no representative longitudinal data are currently available in both countries.
The role of disease co-occurrence, which could be captured by including two-way interactions between diseases in the multinomial model, was not investigated due to the limited sample size in the Belgian surveys. The effect of disease combinations has been previously investigated in Belgium with a binary disability outcome [16] , indicating that the co-occurrence of (i) chronic respiratory diseases and depression and (ii) cardiovascular diseases and diabetes were very disabling (highest disabling impacts) but not important contributors to the disability prevalence due to their low occurrence in the older population in Belgium.
The use of self-reported chronic conditions can hamper comparability between the two countries, as it is associated with health care access and medical diagnosis. Also, cultural differences may have an impact in the interpretation and the reply to questions, although most of the questions were very similar in both surveys. An overestimation of the background contribution might have occurred due to: (i) the lack of information about important causes of functional limitations such as stroke and dementia, as they were not systematically included in both surveys; and (ii) underdiagnosed diseases, especially in Brazil, as medical diagnose of diseases is related to health care access. This is supported by the higher proportion of individuals without any reported disease observed in the Brazilian population with moderate and severe functional limitations.
Although previous studies with binary disability outcomes have shown that the contribution of diseases to the disability prevalence differ according to educational level, with higher disabling impacts observed among lower educated groups [18, 50] , we were not able to account for it in our analysis, due to the limited sample size of the Belgian surveys.
Furthermore, our definition of functional limitations included only three ADLs (eating, showering, and toileting), as they were common to the surveys in both countries. Nonetheless, these three ADLs cover the whole ADL spectrum, including easy, intermediate and difficult tasks [22] [23] [24] . Finally, the use of the pooled data of the 2008 and 2013 surveys in Belgium was necessary due to the small sample size of the 2008 survey, which did not allow us to fit the multinomial model. Although this might have impacted the comparability between the results of the two countries, we expect that this impact was minimal, as the prevalence of moderate and severe functional limitations did not show substantial changes between 2008 and 2013 in Belgium (Additional file 2).
The main added value of this study was the possibility to investigate the contributors to different severity levels of functional limitations in a high and a middle income country, using the population-based survey data from both countries. Despite the small differences in the formulation of the questions in the two independent surveys, the similarity of the surveys allowed us to compare the results of the two countries.
Conclusions
Our study showed important differences in the main contributors to the moderate and severe prevalence of functional limitations in Belgium and Brazil, which can be related to differences in disease diagnosis, health care access and quality, socioeconomic conditions, stage of epidemiology transition, life expectancy, and prevalence of risk factors for chronic conditions between the two countries. These differences should be taken into account when comparing the main contributors to the prevalence of functional limitations between developing and developed countries and should also be considered by policymakers to reduce functional limitations. For instance, in Belgium strategies focusing on both prevention and treatment of musculoskeletal conditions to delay disease progression should be targeted, as they were associated with both moderate and severe functional limitations mainly due their high occurrence in the Belgian older population. In Brazil, besides musculoskeletal conditions, which were also associated with moderate functional limitations, depression and heart diseases should be prioritized, as these diseases contributed most to severe functional limitations. Therefore, strategies to reduce severe functional limitations in Brazil should focus on prevention of heart diseases, which presented a high prevalence, and on the disease management and modification of the environment to make it more accessible for individuals with depression, as it showed a high disabling impact.
Distinguishing between severity levels in functional limitations is crucial for policymakers, as severe levels are associated with higher dependence, long-term care, social burden, and increased health care costs. Although the assessment of different severity levels of functional limitations is more informative, it should be preferred over a binary outcome when the sample size is large enough, especially when the prevalence of functional limitations is low. Future studies should take into account education attainment when investigating the differences in the prevalence of functional limitations between countries. It can also be interesting to extend the attribution method to longitudinal data, as causality could be directly assessed, keeping in mind that the model can become more complex, as several transition rates (e.g between no, moderate, and severe functional limitations) will need to be estimated.
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